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220a Monday, February 27, 2012to study cell migration. Spatio-Temporal Image Correlation Spectroscopy
(STICS) can create vector maps of protein velocities inside a living cell while
Traction Force Microscopy (TFM) allows us to measure the forces applied by
a cell on a substrate, which play a crucial role in cell migration. Using these tech-
niques together allows us to simultaneously compare adhesion protein velocities
inside the cells and the underlying traction forces exerted by the cell, to provide
greater insight into cell migration. We show that traction forces and retrograde
paxillin flow exhibit directional correlation but an inverse magnitude relation-
ship in motile U2OS cells, indicating slippage at the molecular clutch level.
By coating poly-
acrylamide gels
with different li-
gands, we observe
differences in the
strength of those
integin-ligand bind-
ing pairs. Finally,
a new correlation
analysis is intro-
duced that can dif-
ferentiate between
potential adhesion
movement models.1110-Plat
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Reconstituted collagen gels are a widely used environment to study cell migra-
tion in three dimensions. Collagen gels show strain stiffening and a strong lat-
eral contraction during extension (Poisson ratio > 0.5). This behavior is not
explained by linear elastic theory. To make quantitative estimates about the cel-
lular forces and local mechanical properties of the matrix that the migrating cell
encounters, a constitutive model of the gel is needed. On a microscopic scale,
collagen gels consist of a network of mechanically coupled collagen fibrils that
show buckling under compression and tautening and alignment under exten-
sion. These effects give rise to non-affine behavior of the network, which is vir-
tually impossible to model or simulate numerically on a larger scale. Instead,
we take advantage of the fact that the effects of a non-affine deformation is
well captured by an affine network with non-linear elements. We extract the
nonlinear force-length relationship of the network elements from two types
of rheological measurements. First, we stretch and compress a collagen gel
in the horizontal direction and measure its vertical contraction and dilation.
From this we extract the asymmetry of the force-length relationship between
extension and compression. Second, we shear a collagen gel in a cone plate rhe-
ometer. From this we extract the force-length relationship under extension.
Finally, with a finite element analysis we compute the deformation field of
a collagen gel around a contracting ellipsoid. We find that our model recapitu-
lates the complex gel deformations typically measured around invasive tumor
cells, such as a very large contraction of the gel surface above the cell.
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Cell migratory behavior is known to be remarkably affected by the interaction
with the surface topography at multiple scales, ranging from nanometers to
tens of micrometers. Here, our aim is to clarify the interaction between cells
and micrometer scale topography based on the role of actin cytoskeletal struc-
ture. We fabricated silicon microstructured surfaces with microgrooves of vari-
ous sizes, and characterized the behavior of cells moving from the flat surface to
the grooved surface. The intersecting grooves with a size that allow a cell to ex-
perience multiple grooves absorbed cells with a higher angle of approach, and
repelled cells with a lower angle of approach. Similarly, the single line groove
showed a tendency to repel cells with a lower angle of approach and absorb cells
with a higher angle of approach. However, the tendency with the single line
groovewas less clear than that with the intersecting grooves. The result indicates
that the intersecting grooves had a better discrimination performance of the angle
of approachof the cells than a single line groove. Themechanismof thismotility-
based filtering is supposed to be primarily explained based on the lamellar drag-ging effect by the preferential lamellar protrusion into the grooves due to theme-
chanical restriction provided by the actin cytoskeleton. If the lamellar dragging
effect is sufficiently high, the cells are absorbed by the grooved surface. In con-
trast, if the dragging effect is not enough to draw the cell body into the grooves,
the cells are repelled by the grooved surface. This study provides a framework to
tailor themicrogrooved surface control of cell migration by usingmicrogrooves.
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Flow Mechanotransduction Regulates Traction Forces, Intercellular
Forces, and Adherens Junctions
Lucas H. Ting, Jessica R. Jahn, Nathan J. Sniadecki.
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Endothelial cells react to shear stresses with mechanotransduction responses that
modify the cytoskeleton and cell-cell contacts. Cultures of endothelial cells were
patterned as monolayers on micropost arrays and different shear flow profiles
were applied to investigate the interplay between traction forces, intercellular
forces, and adherens junctions (A–C). Cells exposed to laminar flow had elevated
traction forces compared to static conditions while cells experiencing unsteady or
disturbed flow exhibited lower traction forces (F). Similarly, the size of cell
adherens junctions increased after laminar flow and decreased after disturbed
flow.Decreasing cytoskeletal tensionwithY-27632 decreased the size of adherens
junctions (D), while increasing tension through Calyculin-A increased their size
(E).Anovel approach tomeasure intercellular
forces between cells in the monolayers was
developed (G) and these forces were found
to be significantly higher for laminar flow
than for static or disturbed conditions (H)
with adherens junction size reflecting these
tension changes. These results indicate that
laminar flow can increase cytoskeletal
tension while disturbed flow decreases cyto-
skeletal tension. The corresponding change
in cytoskeletal tension under shear can pro-
duce intercellular forces that can potentially
affect the assembly of adherens junction.1113-Plat
Stress Clamp Experiments on Multicellular Tumor Spheroids
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Cancer progress is a multistep process. In contrast with the genetic aberrations,
the precise role of the micro-environment and its interplay with the tumor is
still poorly understood.
In this work, we present two different approaches to measure the effect of me-
chanical stress on tissue growth and death. The first setup use osmotic pressure
to deform a dialysis bag and exert a known pressure on a multicellular tumor
spheroid. Our results indicate the ability to modulate tumor growth depending
on the applied pressure. Moreover, we demonstrate quantitatively that cells
have a different response to stress whether they are located in the core or in
the periphery of the spheroid. The second setup is amicrofluidic based integrated
system which enables to feed and visualize spheroids in the same time that we
apply a known pressure. We compare the results to numerical and analytic
models developed to describe the role of mechanics in cancer progression.
Fabien Montel, Morgan Delarue, Jens Elgeti, Laurent Malaquin, Markus
Basan, Thomas Risler,
Bernard Cabane, Danijela
Vignjevic, Jacques Prost,
Giovanni Cappello and
Jean-Franc¸ois Joanny.
Stress clamp experiments
on multicellular tumor
spheroids. Physical Re-
view Letters. In press.Platform: Membrane Physical Chemistry I
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Peptide Perturbations in Model Membranes
Robin L. Samuel, Susan D. Gillmor.
George Washington University, Washington, DC, USA.
We investigate peptide interactions with model membranes and how they
affect phase dynamics and mobility. Previously, we have studied lipid phase
Monday, February 27, 2012 221arearrangement due to cross-linking lipids in the headgroup position. Building
on this, our current efforts investigate peptide perturbations in lipid bilayers.
We cross-link transmembrane peptides on the surface of lipid vesicles to
examine the interactions between the helices, mimicking B cell receptor
clustering. Expanding on surface-based perturbations, we utilize peptide
forming fibrils that associate with anionic lipids, indicating an electrostatic
association. These fibril-liposome systems are a useful model to study
plaque-based diseases such as Alzheimer’s, Parkinson’s and type II diabetes.
We analyze these associations using microscopy, FRAP, FRET and CD
spectroscopy.
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Ras proteins are small GTP-hydrohydrolyzing enzymes that operate as mo-
lecular switches in signal transduction pathways and are present in a mutant,
activated state in many human tumors. It has been shown that the lipid-
modified C-terminus drive lateral segregation of Ras proteins into mem-
brane sub-structure on the plasma membrane. Such transient and dynamic
molecular assembly, so-call nanocluster, is emerging as a crucial mecha-
nism by which cells achieve high-fidelity signal transmission. However, lit-
tle is known about the underlying force driving the formation of
nanoclusters on the plasma membrane and their influence on the membrane
structure.
To investigate the interaction between nanocluster and the membrane, we car-
ried out extensive semi-atomistic molecular dynamics simulations of the C-ter-
minal membrane-targeting motif of H-ras (tH) in a phase separated lipid
bilayer composed of 2000 DPPC, DliPC and cholesterol molecules. We found
out that at ambient temperature approximately 30–40% of tH molecules as-
semble into clusters of 4-9 proteins, and preferentially localize at the interface
between the liquid-order and liquid-disorder phases of the membrane. In the
nanoclusters, tH backbones preferably exhibits an extended conformation
and align linearly at the phase interface. With such molecular-level organiza-
tion, tH molecule act as a linactant at the interface and reduce line tension of
the anchor-containing monolayer and induces shape transition of the overall
membrane due to the tendency of the system to minimize the free energy.
The resultant geometry of the membrane is determined by the different elastic
bending modulus of different phases as well as the phase boundary line ten-
sion, which is strongly affected by the localization of the nanoclusters. Our
findings were explained based on the domain-induced budding model and
shed light on the interaction between membrane-bounded proteins and mem-
brane domains, such as lipid rafts.1116-Plat
Native Ligands Alter Integrin Sequestering but not Oligomerization in
Model Membranes
Amanda P. Siegel1, Noor Feuza1, Rainer Jordan2, Christoph A. Naumann1.
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Distinct lipid environments are increasingly recognized as an important fac-
tor influencing membrane protein properties. However, the small size and
transient nature of lipid heterogeneities typically found in plasma mem-
branes significantly complicate a thorough analysis of this intriguing rela-
tionship at the cellular level. To address this challenging topic, we present
a powerful model membrane platform based on a polymer-supported bilayer
of well-defined lipid compositions, in which the sequestering and oligomer-
ization state of reconstituted membrane proteins can be determined in the
absence of artificial cross-linking agents using confocal fluorescence spec-
troscopy paired with a photon counting histogram (PCH) method, as well
as epifluorescence microscopy. Specifically, integrins (avb3 and a5b1)
were reconstituted into the polymer-tethered lipid bilayer using a modified
Rigaud technique and their sequestering and oligomerization behavior was
analyzed in raft-mimicking lipid mixtures before and after addition of native
ligands (vitronectin and fibronectin). Our data show that ligand binding no-
tably enhances the affinity of avb3 and a5b1 for cholesterol-enriched lipid
environments without altering the integrin oligomerization state. These find-
ings support a mechanism of ligand-induced conformational changes of
membrane proteins that impacts protein-lipid interactions. Finally, we
present results that illustrate how changes in lipid composition affect
ligand-mediated integrin sequestering/oligomerization in the model mem-
brane environment.1117-Plat
Translational and Rotational Diffusion, and Conformational Dynamics of
fd Virus on Freestanding Cationic Lipid Membranes
Christoph Herold1, Eugene P. Petrov1, M. Paul Lettinga2, Petra Schwille1.
1Technische Universitaet Dresden, Dresden, Germany, 2Institute of Complex
Systems, Forschungszentrum Juelich, Juelich, Germany.
Understanding of the mechanisms of interaction of macromolecules and colloi-
dal particles with lipid membranes is far from complete, and the questions re-
lated to the effects of membrane local curvature and bending elasticity of the
interacting partners are still largely unsolved. Recently, using single-
molecule fluorescence video microscopy we discovered unexpected effects in
interaction of single DNA molecules with freestanding cationic lipid mem-
branes [1]. In the present contribution, using the same experimental approach,
we investigate how much more rigid negatively charged particles - fd viruses
[2] - behave upon electrostatic binding to freestanding cationic lipid mem-
branes. We study the translational and rotational diffusion of fd viruses with
the lengths in the range of (1-11)0.88 mm bound to freestanding membranes
and observe the crossover from the 2D membrane-controlled to 3D bulk fluid-
controlled diffusion dynamics. For virus particles with lengths >4.4 mm we
additionally study the effects of the membrane on their conformations and con-
formational dynamics.
[1] C. Herold, P. Schwille, and E. P. Petrov, Phys. Rev. Lett. 104 (2010) 148102.
[2] S. Fraden and Z. Dogic, in: Soft Matter, Vol. 2: Complex Colloidal Suspen-
sions (eds. G. Gompper and M. Schick) Wiley-VCH, Weinheim, 2006,
pp. 1–86.
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Lipid and Detergent Effects on the Kinetic Stability of the GPCR,
Rhodopsin
Arlene Albert, Scott Corley, Madan Katragadda.
University of Connecticut, Storrs, CT, USA.
The photoreceptor, rhodopsin is a kinetically stable G-Protein Coupled Recep-
tor that is located in rod outer segment disk membranes. Differential scanning
calorimetry (DSC) studies have shown that rhodopsin exhibits an irreversible
scan rate dependent endothermic transition (Tm) at approximately 72 oC.
The activation energy for thermal denaturation (Eact) calculated from the
scan rate dependence of the Tm is sensitive to the integrity of the lipid bilayer.
It is also sensitive to proteolytic cleavage of the extramembraneous loops of
rhodopsin. Here we investigate the influence of palmitoylation, membrane cho-
lesterol and digitonin solubilization on rhodopsin kinetic stability. DSC exper-
iments were performed using a MicroCal VP-DSC microcalorimeter. Samples
were scanned at 15, 30, 60 and 90o/hr. Because the protein transitions are irre-
versible, a second scan was used to determine the baseline. Rhodopsin palmi-
toylation at cys 322 and cys 323 anchors the C-terminus to the membrane. The
Eact for rhodopsin in disk membranes treated with hydroxylamine to remove
these palmitate groups was approximately 35 Kcal/mole less than that of native
rhodopsin. The Eact for rhodopsin was also determined at different membrane
cholesterol levels. These data indicated a decrease in stability both above and
below native membrane cholesterol levels. Finally, unlike solubilization in
other detergents, solubilization in digitonin had little effect on rhodopsin
kinetic stability.
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Ionization Properties of Phosphatidylinositol 4,5-Bisphosphate in Complex
Ternary Lipid Systems
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Phosphatidylinositol 4,5-bisphosphate [PI(4,5)P2] is an important signaling
lipid that provides spatiotemporal control for a broad range of signaling events.
PI(4,5)P2 is a highly charged lipid, and electrostatics play a crucial role in pro-
tein/PI(4,5)P2 interactions. The exact charge on PI(4,5)P2 can be strongly
affected by cellular conditions. We have used solid-state MAS 31P-NMR to ex-
amine the ionization behavior of PI(4,5)P2 in multilamellar vesicles containing
mixtures of other lipids, for pH values from 4 to 10. Previous research has
shown a complex ionization pattern for PI(4,5)P2 in binary lipid mixtures of
PC and PI(4,5)P2 (Kooijman et al. Biochemistry 48 (2009) 9360). In more com-
plicated lipid mixtures, we observe significant deviations from the binary PC/
PI(4,5)P2 titration curve. The hydrogen-bond donor lipid PE causes a large shift
of the titration curve of the 4- and 5-phosphate of PI(4,5)P2to lower pH values,
indicating a stabilization of a more negatively charged form of PI(4,5)P2. For
mixtures of PC, PS, and PI(4,5)P2, the titration curve appears to show a shift
to higher pH values, indicating a decrease in negative charge for PI(4,5)P2.
This effect is pH dependent, with the strongest shift occurring in the
